A method of elevator risk assessment based on fault tree, AHP and FaHA is introduced in this paper, compared with the traditional elevator risk assessment method for "group analysis + expert assessment", which is not scientific and accurate, and cannot satisfy the massive elevator evaluation. The advantages of fault tree are qualitative analysis, which has the characteristics of simplicity, image and intuition, and highlights the accuracy and comprehensiveness of elevator risk assessment project. The advantage of the analytic hierarchy process (AHP) is that it is suitable for the decision-making problem with hierarchical staggered evaluation index and difficult to quantify the target value. The advantage of the fault hazard analysis method is that the method is simple and less cost. It can exert its qualitative, quantitative analysis and cost advantages to achieve efficient, objective and rapid elevator risk assessment. On this basis, for elevators of different occasions, some projects are emphasized or enhanced. This method has been effectively applied in the elevator risk assessment in Beijing since 2014.
Introduction
With the rapid development of economic construction, high-rise buildings are constantly being built, and elevators have become indispensable electromechanical equipment in production and life. Taking Beijing as an example, as of the end of 2017, there were 220,000 elevators registered in the city, with more than 10 million passengers per day. Due to the large number of carrying personnel and concentrated use period, once an accident occurs, the emergency rescue work is difficult, and the special political and economic background of the capital is likely to cause serious social impact. Correspondingly, the administrative resources of elevator supervision are very limited. The current elevator supervision force is seriously insufficient. It is necessary to innovate the elevator safety supervision mode and adopt scientific methods and effective measures to strengthen the elevator safety work. Using the technical means of safety assessment, the elevators can be effectively classified according to their overall safety performance, which can rationally allocate administrative resources, effectively prevent and reduce regional and systemic risks, and effectively protect the lives and property of the people. [1] [2][3] [4] In China, the implementation of elevator safety risk assessment mainly refers to GB/T20900-2007 "Elevator, escalator and moving walkway risk assessment and reduction method of this standard". The purpose of this standard is to develop uniform and systematic principles and procedures for elevator risk assessment methods, to identify the risk of injury caused by various hazards, dangerous states and injury events, and to evaluate events that may result in injury. Elevator safety risk assessment standards formulated by local governments, such as DB33/T 869-2012 "Zhejiang Province Elevator Risk Assessment Rules" also adopt a similar "group analysis + expert assessment" .The method of "group analysis + expert assessment" is particularly affected by the subjective and technical level of the evaluators. Because there are different degrees of subjectivity in the evaluation process, risk assessment is not an exact science. The inaccuracy of traditional elevator risk assessment is quite different from the scientific and accurate technical support requirements required for elevator management. In 2014, Beijing elevator risk assessment involved more than 6,000 elevators, and the number in 2015 was roughly the same. A huge number base will inevitably magnify the difference in results from the evaluator's differences. Therefore, a scientific and objective assessment method needs to be developed in the elevator safety assessment to avoid this difference. [8] Fault Tree, AHP and FaHA Choosing a suitable and operable safety risk assessment method is the core problem that needs to be solved in elevator risk assessment. There are many methods for safety risk assessment. At present, there are more than a dozen risk assessment methods commonly used, which are applicable to elevators. The methods for risk assessment of special equipment are more common, such as risk probability assessment, safety checklist, and fault tree analysis. Due to the large number of elevators that need to be evaluated in Beijing, it is necessary to get rid of the high dependence on the evaluators, and the combination of fault tree, analytic hierarchy process and fault hazard analysis method is selected.
A fault tree is a directional tree built on the causal relationship between events and causes. The tree analysis method can not only identify and evaluate the danger of the elevator system, but also analyze the direct and indirect causes, and also directly inform the potential causes of the deep-level accidents. [9] Analytic Hierarchy Process (AHP) is a hierarchical weighted decision analysis method. The complex problems are decomposed into different hierarchical structures according to the general goal, the sub-objects of each level, and the evaluation criteria, and these factors are divided into ordered hierarchical structures according to the subordination, using scale theory and subjective and objective judgment, through two pairs To compare, determine the relative importance of each factor in the hierarchy and the total weight ordering of each element. After the normalization of the feature vector corresponding to each factor, it is the relative importance weight of a certain level indicator to a related indicator of the previous level. Fault Hazard Analysis (FaHA) is an analytical method for identifying hazards/accidents caused by component failure modes. The analysis steps include: defining the system; making the plan; obtaining the data; system partitioning; implementation (including failure mode analysis, fault direct impact analysis, fault system impact analysis and potential hazard and related risk analysis; proposing improvement measures; monitoring improvement measures; The advantages of this method are: 1) the method is easy and fast to implement; 2) the theory is simpler and easier to get started; 3) the cost is less; 4) the focus of the analysis is on the elements and dangers of the system. The difference from the traditional failure mode and impact analysis method is that the method allows the analyst to stop the analysis when it is clear that a certain failure mode does not cause danger, and the conventional method generally needs to improve the overall safety of the product. The failure mode is fully evaluated. In layman's terms, the failure hazard analysis method is designed to reduce the risk of failure. Its advantage is that it can be implemented "it is enough to do it", while other methods are "poor pursuit" and require long working costs. [5] [7] The three methods have been uniformly applied in the elevator risk assessment in Beijing, and complement each other. The advantage of the fault tree lies in qualitative analysis, which has the characteristics of simplicity, image and intuition. It emphasizes the accuracy and comprehensiveness of the elevator risk assessment project. The advantage of the analytic hierarchy process is its quantitative analysis ability, which is more suitable for the hierarchical interlaced evaluation index. And the target value is difficult to quantify the decision-making problem; the advantage of the fault hazard analysis method is that the method is simple and the cost is low. The combination of the three can make use of its qualitative, quantitative analysis and cost advantages to achieve efficient, objective and rapid elevator risk assessment.
Evaluation Process
The evaluation process of the elevator risk assessment method based on fault tree, analytic hierarchy process and fault hazard analysis method mainly includes the following steps:
1) Using the fault tree method to identify the risk points of the escalator, and obtain the probability of occurrence; using the second-order judgment matrix of the analytic hierarchy process, the weights of each risk point are obtained, and the severity is obtained. Severity is divided into four levels from 1 to 4 according to size, and the probability of occurrence is divided into six levels from A to F according to frequent and impossible;
2) Using the failure hazard analysis method to evaluate each risk point, and obtain the risk level, that is, 1 high risk -need to take protective measures to reduce the risk, corresponding to the analysis index 1A, 1B, 1C, 1D, 2A, 2B, 2C, 3A, 3B; 2 Moderate risk -need to carry out a review, after considering the practicality and solution of social value, determine whether further safety protection measures are needed to reduce the risk, corresponding to the analysis index 1E, 2D, 2E, 3C, 3D, 4A, 4B; 3 low risk -no action required, corresponding analysis index 1F, 2F, 3E, 3F, 4C, 4D, 4E, 4F;
3) Using the second Delphi expert method to correct the risk level obtained by the assessment, determine the risk category, and judge whether it is necessary to take corresponding safety measures to reduce the risk according to the obtained risk category; 4) Take appropriate safety measures to reduce or even eliminate the danger; 5) Conduct a general measurement and assessment of the results of each risk assessment and draw conclusions from the safety assessment.
Through the inspection and design, civil installation, use management, maintenance status and other aspects that affect the safety of the elevator, quantitative and qualitative assessment of the severity of the risk is carried out, and the frequency of occurrence of the risk is statistically calculated. The problems in design and manufacture and the number of corresponding elevators are shown in Table 1 . Table 1 . Design and manufacturing issues and quantity.
Issues Number
The disc driver wheel is not standardized and the electrical switch is not reliable. 607
No overspeed protection device 503
The brake has no feedback switch or the mechanical part is not assembled in two parts. 363
The safety door and the access door are not in compliance with the standard and the access is not smooth. 234
Rotating parts are not protected 28
The car top emergency stop switch and maintenance switch settings do not meet the technical specifications 13
Insufficient space at the top of the shaft 12
Open the hall door with the help of a ladder 12
Car top guardrail does not meet current standards 9
Speed limiter -safety gear linkage test cannot be carried out outside the shaft 9
Car top mechanical locking device electrical switch is not standardized 2
Due to the small number, it is not considered as a main factor. In the same way, the main problems of civil installation, maintenance and management factors are obtained. Using the fault tree approach, a three-level fault tree for the passenger elevator safety assessment problem is obtained.
The analytic hierarchy process is used to establish the weight of the four factors of design and manufacturing, civil installation, maintenance and management factors in the passenger elevator safety assessment (see the weight value part of Table 2 ), and is revised by the two experts Fidelity (see Table 2 ). The weights of the four factors corrected (see Table 2 for the values). The four factors of design, manufacturing, civil installation, maintenance and management factors in passenger elevator safety assessment accounted for 7.5%, 17.5%, 52.5% and 22.5% respectively. In order to save space, the sub-factor weight values of the four factors of design and manufacturing, civil installation, maintenance and management factors are also unified so as not to be specified. The four factors of design, manufacturing, civil installation, maintenance and management factors are weighted by the first-order discriminant matrix weight αi, i=1, 2, 3, 4, and the sub-factor weights of the four factors are the second-order discriminant matrix weight βij. j=1, 2, 3, 4... The weight of each sub-factor can be solved by the minimum cut set quantization. The weights quantified by each sub-factor are obtained, and the importance of each factor is compared, as shown in Table 7 . For all passenger elevators for safety assessment, each sub-factor is ordered by importance. Among them, the door work is unreliable, the door lock is not in conformity with the standard, the emergency rescue is not standardized, the speed limiter safety clamp is not standardized and reliable, the supply of parts is difficult, and the distance between the hoistway walls is large. The problem is nearly 6,000 units evaluated by Beijing in 2014. The elevators are more concentrated and must be taken seriously. In the same way, the passenger elevators were further subdivided and evaluated according to the four parts of super high-rise buildings, houses, hospitals and schools, and the problems were different.
Elevator Risk Assessment Project Improvement
On the basis of the previous work, it was finally confirmed that the elevator safety assessment included 87 major items of 9 major items.
For different elevators, the use of maintenance funds is different. The same risk assessment project should be different for different ranges of elevators. For example, older elevators have a longer service life, and the use of units and maintenance units Limited, and the results of elevator safety assessments on other occasions are quite different in many projects, and need to be focused on the general elevator risk assessment project.
In the evaluation of old residential elevators, according to the analysis and risk rating table, the following items, such as "1.6 spare parts supply", "6.1 Control cabinet" and "6.2 Cables and wires", are higher in severity due to the increase in severity or the probability of occurrence is higher than that of the general elevator. In the existing technical conditions and elevator state, in the old residential elevator Risk assessment needs to be emphasized and strengthened.
According to the analysis and risk rating table, there are 13 projects with a risk level of III, and the risk is negligible. Under the existing technical conditions and elevator status, the risk assessment of the old residential elevator in the project can be classified as a general project, not as a project. Focus on the project, individually or even negligible for cost savings.
Conclusion
Elevator risk assessment is carried out based on fault tree, analytic hierarchy process and fault hazard analysis method. Through standardized processes, human disturbance can be effectively reduced, and elevator safety risk assessment can be completed fairly, fairly and efficiently. Since 2014, Beijing Special Equipment Testing Center and Fengtai Special Equipment Testing Institute have cooperated with many elevator manufacturers such as Mitsubishi, Hitachi, Otis, Schindler and KONE to support stations, subways, airports and shopping malls throughout the city. More than 6,000 elevators in the public gathering place were evaluated for safety, and the relevant units were ordered to rectify the problems found in the assessment, and an elevator safety risk assessment report was formed. On this basis, the combination of qualitative and quantitative analysis of elevator evaluation was realized. The results of the assessment were submitted to the supervision department, and corresponding suggestions were made to the competent department of the elevator, and the corresponding improvement measures were urged to achieve good social effects.
